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Abstract 
Initiated by the commitment of the mayor and public participation within the municipality Höhenkirchen-Siegertsbrunn in the 
South-East of Munich, the need for generating new child care facilities led to the realization of an energy-surplus day care center. 
This building illustrates how ecological and economic sustainability can go along with innovative techniques and architectural 
design, achieving high comfort and energy efficiency, simultaneously providing a child-oriented and enjoyable surrounding. This 
lighthouse project aims at increasing awareness and interest within the community and beyond for the issue of energy efficiency.  
Ensuring the successful implementation of this demanding task, a feasibility study was developed by the Fraunhofer Institute for 
Building Physics to define crucial key parameters for the design stage. In collaboration with the researchers a qualified team of 
architects and installation engineers closely worked together from the very beginning of the design process up to the end of 
execution, joining forces and knowledge. The project was awarded a prize by an expert committee and is supported by the Ger-
man Federal Ministry of Economics and Technology within the funding program “Research for energy-optimized construction” 
(EnOB). This includes scientific guidance in planning, construction and start-up as well as a two-year monitoring phase. 
The energy concept, which is based on minimizing the energy need, includes a variety of features, partially influencing each 
other. Amongst others, these include a high level of thermal insulation, an optimized and demand-controlled ventilation system 
using preheated air and heat recovery in winter, a solar chimney for passive cooling and ventilation in summer, intelligent control 
systems and the use of renewable energy sources by highly efficient thermal heat pumps, solar thermal panels for hot water 
generation and photovoltaic panels. This solar electric system is designed to provide more electricity throughout the year than 
required for running the building with all its need. As electricity is the only energy carrier, both types of energy balances, primary 
and delivered, will result in a surplus. 
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1. The building 
 
 
 
In order to achieve a versatile-use, multifunctional and appealing as well as high comfort energy-surplus day care 
center, it was essential to tap the energy potential already in the building’s design phase. In this context, the 
elongated, north-south oriented building site posed a particular challenge for the architects. However, the critical 
aspects of southern orientation and compactness could successfully be implemented in the developed building 
design, as depicted in figure 2. The compact building is located in the center of the site, with an enlarged southern 
façade created by a lowered south-side terrace in the style of an amphitheater. In this way, an additional self-
contained external region is created, allowing for a trouble-free co-existence of children of different age. The 
terraced structure of the building creates further separated spaces and maximizes natural lighting as well as solar 
gains in winter. 
 
 
 
 
To allow for maximum flexibility and the option to respond to possibly changing needs of the municipality the 
different sections (which are currently suited for three different age ranges) are similarly organized. In this way, they 
can be converted accordingly, if necessary. All common rooms are accessible via the large two-storey entrance hall, 
first leading through a small cloakroom. Each section can be used by two groups. It consists of two common rooms, 
with separate leisure rooms as well as one shareable class room in between. Also the bathrooms are to share, their 
access and use adapted to the children’s age (s. Fig. 3). 
Fig. 1. Elevation of the western façade including the main entrance. 
Fig. 2. Schematic illustrations of the building’s section (a) and a photograph of the building from the south (b), both demonstrating the optimization 
of solar gains (internal as well as on the photovoltaic system) and the separate outdoor areas for the children groups, easily accessible. 
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The chosen wood frame construction uses a renewable resource, which is readily available in this region and 
therefore complies with the overall concept of sustainability, as well as the specially developed clay-shelves 
mounted at the rear side of each common room. This natural material significantly improves the indoor air quality, 
as it serves as a buffer for both moisture and heat. Beside these natural components, further innovative systems are 
used to increase comfort and energy efficiency, such as PCM-modules and acoustic baffles, both mounted on the 
wooden beam ceiling. The baffles for the PCM-modules were developed, designed and produced specifically for this 
building. 
2. The energy concept and its technical components 
Besides the above stated relevant aspects of the building design regarding energy performance, the energy 
concept includes a highly insulating building envelope as well as other innovative technical systems, which will be 
described in the following. The overall aim of the energy concept and its components can be summarized in two 
steps: First, the energy demand needs to be minimized, before (second) it is going to be covered very efficiently by 
renewable energy sources. In addition, it is intended to generate even more energy during the course of the year than 
required within the building. 
2.1. Building envelope 
The building envelope consists of building components with extremely low heat transfer coefficients (U-Values), 
for instance due to the installation of vacuum insulation and new types of triple glazing as well as energy-efficient 
frames in all windows. Vacuum insulation was applied, where thickness or height respectively were a special issue. 
This was the case on the roof of the rooftop terrace, where the resulting thin roof construction enables stepless 
access to the terrace. Vacuum insulation can also be found in the door elements of both entrances as well as in the 
escape doors. In addition thermal bridges were eliminated in the whole building envelope, leading to a surcharge for 
Fig. 3. The ground-floor plan presents the customized layout of the rooms and illustrates the lowered south-side terrace, designed in 
the style of an amphitheater. The interior walls, where the special clay-shelves are mounted, are highlighted in yellow. 
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thermal bridges of zero. Furthermore, the air-tightness of the building was optimized, which was supported by 
performing several blower-door tests in different construction phases. 
2.2. Hybrid ventilation system 
The hybrid ventilation system, which enables passive cooling and ventilation in summer, noticeably reduces the 
building’s energy demand for heating, cooling and ventilation. It features two different modes of operation for 
summer and winter and comprises the following measures and methods. The ventilation system and its airflow is 
schematically depicted in Fig. 4. 
 
 
 
 
x Winter mode:  Innovative mechanical ventilation system including: 
o Preheating of the supply air (via ground water) to avoid freezing at the heat exchanger 
o A highly innovative heat-recovery system, achieving a recovery rate of more than 90% by the use of heat 
accumulators (made possible and supported by air preheating) 
o Demand-driven control (dependent on the CO2-level) with reduced basic ventilation 
 
x Summer mode:  Manual window ventilation, allowing the shutdown of the mechanical system, optimized with: 
o Support of user behavior by so-called “ventilation lights” (indicating the interior CO2-level by colored lights 
like a traffic light), which also raise the children’s awareness thereof 
o Installation of a solar chimney (see Fig. 5) on the roof of the foyer to support day-time ventilation and to 
enable passive cooling by night-time ventilation  
o Installation of grids in front of the windows, to enable secure night-time ventilation  
 
  
Fig. 4. Schematic illustration of the building’s hybrid ventilation system, which is optimized by a vertical transverse flow 
system supported by a solar chimney. 
Fig. 5. Elevation (a), section (b) and photograph (c) of the solar chimney, exclusively developed for this building to support  
summer-time ventilation with vertical transverse flow and passive cooling by night-time ventilation. 
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2.3. Intelligent control systems and lighting 
The use of intelligent control systems allows to further reduce the energy demand for heating and ventilation. 
Regarding lighting, the use of intelligent control systems is a crucial part of the lighting concept in addition to the 
maximized daylight supply, also influenced by optimized sizing and positioning of the windows. Both aspects 
essentially reduce the electricity need for artificial lighting. The components of the intelligent automatic control 
systems applied as listed in the following indicate the variety of aspects covered, partly also dependencies and 
correlations appear. 
x Heating and ventilation 
o Automatic shutdown of space heating when windows are opened 
o Energy-optimized control of action period and mode of operation of the heat generators (2 ground water heat 
pumps and solar hot water generation) 
o Demand-controlled ventilation by the use of CO2-sensors  
o Automatic activation of night-time ventilation for passive cooling in case of high interior temperatures 
(opening of the windows and the solar chimney) 
o Optimized automatic control of the solar chimney by navigating the lateral openings depending on the wind 
direction (information supplied from a weather station on the roof) 
 
x Lighting 
o Daylight redirecting shading systems  
o Daylight-dependent control systems in common rooms and offices 
o Presence detection systems in almost all rooms of the building, with further energy savings due to manual 
switch-on in common rooms and offices (fully automatic control of bath rooms and hallways) 
2.4. Low exergy heating system 
The following components ensure the effective coverage of the remaining minimized energy need for heating and 
hot water.  
 
x Single room temperature regulation 
x Very low temperature level for energy optimization and the effective use of heat pumps 
x Combination of two highly efficient groundwater heat pumps with enhanced annual coefficients of performance 
and well-matched components 
x Hot water generation by solar collectors, sized to provide the total need in summer (ca. 30 m², 25° inst. angle) 
x Use of decentralized freshwater stations to eliminate hygienic problems caused by the low temperature level 
2.5. Solar electric system (photovoltaic PV) 
For the operation of the above presented building with its energy concept, the only energy carrier required is 
electricity, apart from the natural renewable sources of solar and geothermal energy. To generate this electricity, on 
the entire roof area above the second floor as well as on a steel frame installed on the first-floor roof terrace 
photovoltaic modules are set up. The sizing of the PV system was adjusted, so that more electricity will be generated 
throughout one year than needed, leading to the building’s energy surplus aimed on. In total 192 modules were 
installed, facing south with an angle of 5° summing up to a total area of about 300 m² with a peak-power of 
48 kWpeak. The 66 modules that were installed in six rows above the rooftop terraces additionally serve as 
sunshading device, both for the southern façade of the building as well as for the terrace itself. Furthermore the 
children can inspect these modules from below, which is also meant to raise awareness for the issue of energy 
efficiency. Both aspects are illustrated in the following pictures (Fig.6).  
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2.6. Commissioning and monitoring 
For the successful operation of this high-tech building, its initial start-up plays a crucial role as a variety of 
systems must be calibrated and many systems depend on each other. In addition, the finally achieved results are of 
great interest for everyone involved, especially in order to draw conclusions for future energy-efficient buildings. In 
this context, a carefully planned and executed measurement concept is essential. Both aspects (planning and 
execution) are incorporated into the scientific project support, supervising the project from the very beginning 
regarding energy issues (including planning, construction supervision, measurement and monitoring). The 
monitoring will continue for two more years after the building was successfully put into operation. 
3. The building’s energy performance 
During the design phase various options and variants regarding design, construction and energy concept were 
discussed. For rating and comparing these different energy performances and for evaluating the final draft of the 
children's day care center as an energy-surplus building, calculations were performed according to the German 
standard “DIN V 18599: Energy efficiency of buildings - Calculation of the energy needs, delivered energy and 
primary energy for heating, cooling, ventilation, domestic hot water and lighting” [1].  
 
To obtain realistic energy demand values - instead of standardized parameters as required for energy performance 
certificates according to the German Energy Saving Ordinance (EnEV) [2] - user- and site-specific boundary 
conditions were used as well as characteristic values planned, wherever possible. The following table shows the 
resulting area-specific energy values for energy need, delivered and primary energy, where the solar-generated 
electricity is not included. Taking into account the electricity generated by the PV system, the delivered and primary 
energy are less than zero due to the surplus derived. 
  
Fig. 6. The photovoltaic system installed on the roof (a) and above the rooftop terrace (b), where it does not only generate electricity but 
serves as a sunshading device and illustrative object of interest for the children as well. 
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Table 1. Results of the building’s energy performance calculation according to the German standard DIN V 18599 [1]  
(without considering the photovoltaic system) [3] 
Energy Demand 
(PV system not included) 
Energy Need Delivered Energy1) Primary Energy2) 
[MWh/a] [kWh/m²a] [MWh/a] [kWh/m²a] [MWh/a] [kWh/m²a] 
Heating 17.7 12.3 4.8 3.3 12.5 8.7 
DHW (Domestic Hot Water) 13.5 9.4 4.7 3.2 12.1 8.4 
Lighting 8.0 5.5 8.0 5.5 20.8 14.4 
Ventilation 0 0 7.3 5.0 18.9 13.1 
Total 39.2 27.2 24.7 17.1 64.3 44.6 
Reference Value3)  55.4  75.1  105.2 
1)  Electricity is the only energy carrier used. Considering the need throughout the year, it is solely produced by the rooftop 
photovoltaic system, even more than required, thus generating a surplus. 
2)  The primary factor applied is 2.6. 
3)  Not conforming to the regulation, but may be considered as benchmark, helping interpreting the results. 
 
Although the energy values of the table above are not to be applied for an “EnEV-Certificate”, the table’s last 
line displays comparative values of an approximate reference building according to EnEV 2009 [2], to show the 
order of the values’ magnitude. This shows that the designed building requires less than half the primary energy 
allowed according to EnEV 2009 [2], even without taking the PV system into account. 
 
The photovoltaic installation was sized to produce more electricity than required within the building during one 
year. This includes operation of the building as well as additional power required for all devices used in the house, 
such as kitchen appliances, computers, stereos, etc. The energy need thereof is estimated with about 10 MWh per 
year. This adds up to an approximate overall electricity need of 35 MWh/a. According to DIN V 18599 the 
photovoltaic system installed will generate about 40 MWh/a, leading to a surplus of five thousand kilowatt hours per 
year, equivalent to almost 15% of the energy need. 
4. Conclusion and prospects 
The introduced project demonstrates the outstanding results that can be achieved by applying high efficient 
innovative technologies to a building in combination with dedicated cooperation of research and practice application 
on the one hand and of different building trades on the other hand, all working closely together from the very 
beginning of the project. It is also noteworthy that this “lighthouse project” was initiated by a municipality with 
10,000 inhabitants, which also reflects the increasing significance and the growing interest of people in the subject 
of energy efficiency. 
 
The children’s day care center was successfully built and the first groups of children moved in in September 
2013. Expectations for a broad-based signaling effect are high, but whether it will occur and to what extent the 
children's understanding and sensitivity for energy efficiency in buildings can be strengthened by “living” in the 
energy-surplus building remains to be seen. However, the already shown level of interest and the positive feedback 
from the community are indeed promising. 
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